We present new molecular gas maps of NGC 5195 (alternatively known as M51b) from the Combined Array for Research in Millimeter Astronomy (CARMA), including 12 CO(1-0), 13 CO(1-0), CN(1 0,2 -0 0,1 ), CS(2-1), and 3mm continuum. We also detected HCN(1-0) and HCO + (1-0) using the Onsala Space Observatory. NGC 5195 has a 12 CO/ 13 CO ratio (R 12/13 =11.4 ± 0.5) consistent with normal star-forming galaxies. The CN(1-0) intensity is higher than is seen in an average star-forming galaxy, possibly enhanced in the diffuse gas in photo-dissociation regions. Stellar template fitting of the nuclear spectrum of NGC 5195 shows two stellar populations: an 80% mass fraction of old ( 10 Gyr) and a 20% mass fraction of intermediate-aged (≈ 1 Gyr) stellar populations, providing a constraint on the timescale over which NGC 5195 experienced enhanced star formation during its interaction with M51a. The average molecular gas depletion timescale in NGC 5195 is τ dep = 3.08 Gyr, a factor of ≈2 larger than the depletion timescales in nearby star-forming galaxies, but consistent with the depletion seen in CO-detected early-type galaxies. While radio continuum emission at centimeter and millimeter wavelengths is present in the vicinity of the nucleus of NGC 5195, we find it is most likely associated with nuclear star formation rather than radio-loud AGN activity. Thus, despite having a substantial interaction with M51a ∼1/2 Gyr ago, the molecular gas in NGC 5195 has resettled and is forming stars at an efficiency consistent with settled early-type galaxies at the present time.
INTRODUCTION
Galaxy populations in the present-day universe largely populate a bimodal distribution between blue and red optical colors with few objects occupying an intermediate color "green valley" (Baade 1958; Holmberg 1958; Tinsley 1978; Strateva et al. 2001; Baldry et al. 2004) . Slowly evolving galaxies would not necessarily pass rapidly through a phase with intermediate colors. Thus the slow overall evolution of galaxies since z ∼ 1 in combination with the increasing fraction of galaxies on the "red sequence" suggests that galaxies in the green valley experienced a rapid truncation or quenching of their star formation (Bell et al. 2003; Faber et al. 2007 ). However, the existence of spirals with intermediate colors that appear to be evolving at secular rates suggests the existence of an alternate path to the green valley. The intermediate colors in these spirals could result from the steady build-up longlived lower mass stars leading to a more leisurely transition through the green valley. Two types of galaxies with intermediate colors therefore may exist, those produced by slow evolution and rapid quenching events, that cannot be separated on the basis of broad-band optical colors alone.
Other types of observations, however, can be used to separate these two types of green valley galaxies. Systems where star formation rates (SFRs) have rapidly changed show distinct signposts, including unusual infrared colors.
kalatalo@carnegiescience.edu † Hubble fellow Johnson et al. (2007) and Walker et al. (2010) were able to show that the Spitzer colors of Hickson Compact Group galaxies (a known rapidly transitioning population ; Hickson 1982) showed a dearth of intermediate Spitzer IRAC colors (Lacy et al. 2004) , suggestive of rapid transformation. While the galaxy population as a whole did not show bimodality in Spitzer colors, it did strongly bifurcate using WISE [4.6]- [12] µm colors (Ko et al. 2013; Yesuf et al. 2014; Alatalo et al. 2014 ). In the modern universe (z ∼ 0), this transformation appears to be permanent Young et al. 2014) , thus understanding all pathways that can lead a blue late-type galaxy to become a red early-type is essential. Until recently, it was assumed that in order for a galaxy to metamorphose, it would have to shed its interstellar medium as it quenched star formation (Hopkins et al. 2006 ), but evidence is mounting that this is not strictly necessary. Through the ATLAS 3D survey, Young et al. (2011) showed that at least 22% of early-type galaxies contain a molecular reservoir, though for the most part the molecular gas fraction of these systems did not exceed 1% (save for the extraordinary galaxy NGC 1266; Alatalo et al. 2011) . French et al. (2015) and Rowlands et al. (2015) showed that there were also substantial molecular reservoirs in poststarburst galaxies, a subset of objects known to have rapidly quenched their star formation (Dressler & Gunn 1983; Zabludoff et al. 1996; Quintero et al. 2004) . Shocked poststarburst galaxies (Alatalo et al. 2016a) , identified based on evidence of intermediate age stars and a lack of star formation from their ionized gas ratios also con- A zoomed-in box of NGC 5195 shows the 12 CO moment1 map. All moment1 and channel maps follow the same color scale. The extended filament is also visible in the moment1 map, and on average NGC 5195 appears to follow regular rotation. Skrutskie et al. 2006 (2) de Vaucouleurs et al. 1991 Tikhonov et al. 2009 (4) Moustakas et al. 2010 (5) Dale et al. 2009 (6) Lanz et al. 2013 tain substantial gas reservoirs (Alatalo et al. 2016b) , despite being suspected to have started their metamorphosis from blue, star-forming spiral to red, quiescent early-type galaxies. Alatalo et al. (2015a) surveyed the molecular gas content in transitioning Hickson Compact Group galaxies (Cluver et al. 2013; Lisenfeld et al. 2014 ) using the Combined Array for Research in Millimeter Astronomy (CARMA; Bock et al. 2006) 2 and found that the molecular gas fractions in this subset of transitioning galaxies are not related to their color (and thus, the transition phase), but rather the star formation efficiency is related to the color. Alatalo et al. (2015a) suggest that the inability for the molecular gas to form stars efficiently has more influence on a galaxy's path onto the red sequence than the total content of molecular material available. Studies by the ATLAS 3D team seem to support this, with early-type galaxies showing slightly suppressed star formation as well (Davis et al. 2014) , although a direct color comparison has yet to be done on these sources.
NGC 5195 (alternatively known as M51b) is the disky barred (SB0/SBa(s)) galaxy (Spillar et al. 1992 ) that is the low mass companion of NGC 5194 (alternatively known as M51a or "the Whirlpool Galaxy"), having undergone a 3:1 interaction roughly 340-500 Myr ago (Salo & Laurikainen 2000; Dobbs et al. 2010; Mentuch Cooper et al. 2012) . NGC 5195 is a good case study of how star formation quenches for a galaxy a short time after an interaction, being nearby and showing signs of having recently transitioned. The integrated u-r color 3 of NGC 5195 is 2.25, which combined with its mass (Table 1) , places it on the cusp between the red sequence and the green valley (Schawinski et al. 2014 ). Centrally concentrated molecular gas (Aalto & Rydbeck 2001) , and bright nuclear infrared emission (Boulade et al. 1996) further support that NGC 5195 is in the process of becoming a poststarburst (Dressler & Gunn 1983; Zabludoff et al. 1996) , and finally an early-type red sequence galaxy, traversing the "standard" pathway for galaxy transitions (Hopkins et al. 2008) . presence of PAH emission (Boulade et al. 1996; Roussel et al. 2007 ) that is more consistent with a poststarburst stellar population than an ongoing starburst. Lanz et al. (2013) used the far-ultraviolet (UV) to the far-IR spectral energy distribution (SED) of NGC 5195 and were able to estimate a modest star formation rate of 0.142 M ⊙ yr −1 . The warm H 2 emission detected with Spitzer Infrared Spectrograph is consistent with that of other star-forming galaxies in the SINGS sample (Roussel et al. 2007 ). Mentuch Cooper et al. (2012) also fit the ultraviolet to far-IR photometry and concluded that NGC 5195 is a poststarburst. Though Schweizer (1977) detected ionized gas emission lines in the galaxy, Ho et al. (1997) and Moustakas et al. (2010) found that the ionized gas line ratios are consistent with a low ionization nuclear emission line region (LINER; Kewley et al. 2006) . Weak X-ray emission was found coincident with a radio source, possibly due to an AGN, but also consistent with an ultra-luminous Xray source origin (Terashima & Wilson 2004; Schlegel et al. 2016) . Sage (1990) mapped NGC 5195 in 12 CO(1-0), and observed 12 CO(2-1) and 13 CO(1-0) with the National Radio Astronomy Observatory (NRAO) 12m single dish, showing that there was molecular gas in the galaxy. Kohno et al. (2002) were able to detect HCN(1-0) using Nobeyama Radio Observatory (NRO) 45m single dish, and mapped 12 CO(1-0) using the Nobeyama Millimeter Array (NMA). Kohno et al. (2002) showed that the molecular gas is concentrated in the center of NGC 5195, and claimed that the molecular gas is too stable to form stars.
We present new molecular gas maps of NGC 5195, and use them to develop a narrative of the star formation since the time of its interaction with M51a. In §2, we describe the observations from CARMA, including reduction and analysis methods. In §3, we discuss the properties of the molecular gas of NGC 5195. In §4 we discuss the past and present star formation in NGC 5195. In §5, we present our conclusions. We use the common distance to M51a and NGC 5195 of 9.9 Mpc, following Tikhonov et al. (2009) who used the HertzsprungRussell diagram of individual resolved stars within the M51 system to calculate the distance. The corresponding spatial scale is 47 parsecs per arcsecond.
OBSERVATIONS AND ANALYSIS
2.1. Ancillary data The 3.6-4.5-8.0µm Spitzer (Werner et al. 2004 ) Infrared Array Camera (IRAC; Fazio et al. 2004 ) data that are shown in Figure 1 were obtained by downloading supermosaics from the Spitzer Heritage Archive 4 . These data were originally part of the Spitzer Infrared Nearby Galaxy Survey (Kennicutt et al. 2003) . The observations were taken on May 2004, with exposure times of 26.8 seconds and were processed through the Spitzer Science Center reduction pipeline, version S18.25.
The Herschel Photo-detecting Array Camera and Spectrometer (PACS; Poglitsch et al. 2010 ) data were observed on December 2009 in the "blue channel" (70µm and 160µm) and were downloaded from the Herschel Science Archive (PI: C. Wilson, KPGT cwilso01; see : Parkin et al. 2013 for the 70µm image). The Level-1 data were reduced using SCANAMOR-PHOS (Roussel 2013) package that fits accurately the lowfrequency (1/f ) noise. Typical sky background measurements in the final maps were 0.13 and 0.25 mJy for the 70 and 160µm bands, respectively.
The optical spectrum used below was obtained through the Sloan Digital Sky Survey (SDSS), which surveyed galaxies using a dedicated 2.5m telescope at Apache Point Observatory. The reduced and calibrated spectral data were obtained from SDSS Data Release 12 (Alam et al. 2015) , without any additional modifications applied.
The 1.4 GHz data for NGC 5195, taken as part of the Westerbork SINGS survey (Braun et al. 2007) Table 2 ), placed at 3σ intervals. Negative contours (dark gray) are [-3,-6,-9] σ. Channels with 12 CO emission assumed to be associated with the M51a spiral arm contain a white fill and gray contours. The velocity color scale is identical to Fig 
OSO 20m observations HCN(1-0) and HCO
+ (1-0) were observed with the Onsala Space Observatory, Sweden, on 3-4 March, 15, and 26 April 2016. The SIS 3-mm receiver was connected to the Omnisys A spectrometer, which gives a bandwidth of 4 GHz wide with dual polarization. The observations were performed with a dual beam switch mode with a throw of 11 ′ in azimuth. The half power beam width of the telescope at the rest frequency (88.9 GHz) was 43 ′′ and the pointing accuracy was better than 3 ′′ . The focus was checked each day on bright quasars and the corrections were ∼1 mm. The average system temperature was around 150 K, and the opacity 0.2.
We converted the data from antenna temperature to main beam temperature correcting by a beam efficiency of 0.53. The spectrum was averaged to a final velocity resolution of 40 km s −1 (12 MHz), for which the achieved RMS is 0.145 mK. We fitted a baseline of order two to subtract the continuum.
5 https://casa.nrao.edu/ The spectra of the HCN and HCO + lines is shown in Fig. 2 . Using the K per Jy factor of 0.07999, we measure a total HCN(1-0) line flux of 3.25±0.27 Jy km s −2 , with velocity width of 219 km s −1 . We also measure a HCO + (1-0) total line flux of 2.09±0.24 Jy km s −2 with a velocity width of 193 km s −1 . We measure a HCN/HCO + J=1-0 line ratio of 2. Reproducing HCN(1-0)/HCO + (1-0) of 2 with n = 10 4 cm −3 and T K = 65 K requires a higher HCN than HCO + abundance. As long as the emission is not very optically thick then the lower critical density of HCO + would render its J=1-0 transition more luminous than that of HCN (for the same abundance). For the given physical conditions above the HCN(1-0)/HCO + (1-0) ratio should be about 0.5 for the same abundance (and for moderate optical depths). To obtain HCN(1-0)/HCO + (1-0) of 2 for n = 10 4 cm −3 and T K = 65 K requires the HCN/HCO + abundance ratio to be about 10. A slight extension is seen along the PAH filament in 13 CO(1-0), but given the relative faintness of 13 CO compared to 12 CO, its likely that the more extended structure is below our detection threshold. some of the more diffuse gas that might be present. 12 CO(1-0), 13 CO(1-0), CN(1 0,2 -0 0,1 ) and CS(2-1) were observed simultaneously in this set of E-array observations, utilizing the upgraded correlator. The observing properties for each molecular line detected by CARMA in NGC 5195 are listed in Table 2. All data were reduced and imaged using the Multichannel Image Reconstruction, Interactive Analysis and Display software (MIRIAD; Sault et al. 1995) .
The primary beam has a diameter of 2 ′ at CO(1-0), which covers all emission from NGC 5195. M51a itself does ap- pear within the primary beam, but is easily separable from NGC 5195 (see Fig. 1a ). All observations used a long integration on a bright quasar to calibrate the passband, and alternated integrations between a gain calibrator (J1419+543) and NGC 5195. We used the MIRIAD task uvlin to separate out continuum emission from the line emission, and we estimate the continuum flux of NGC 5195 to be 1.21 ± 0.27 mJy, centered on 106 GHz, from a CARMA image with a 7.6 ′′ ×6.1 Figure 7. Moment maps of all detected molecules, including 12 CO(1-0), 13 CO(1-0), CN(1-0), and CS(2-1). The top row displays the clipped integrated intensity maps of each molecular species detected, and the bottom row displays the mean velocity maps of each species. The velocity color scale is identical to Fig. 1 . The CS(2-1), the faintest line, traces only the core of the molecular gas in NGC 5195, which supports the idea that the central region contains the densest gas. The 12 CO, 13 CO, and CS trace similar velocity structures, whereas the velocity map of the CN seems to trace different kinematics.
identically to those in Alatalo et al. (2013) to construct channel maps, and moment maps. Channel maps are shown in Figures 3-6 , with the individual gas channels overlaid on a 8µm nonstellar Spitzer IRAC image. To create the underlying Spitzer image, the 8.0µm IRAC4 data was corrected for the stellar contribution by subtracting the 3.6µm IRAC1 image, normalized to the expected stellar continuum at 8µm (0.232; Helou et al. 2004) . 12 CO, 13 CO, and CN(1-0) are detected. The CN(1-0) channel map includes blueshifted emission compared to the line peak (≈ 250 km s −1 away, at 340 km s −1 ), which we have attributed to M51a and do not consider in subsequent analysis. CS(2-1) is weak, but still detected with a signal-to-noise (S/N) of 3.9. A tentative line, identified as CH 3 CN(6 k -5 k ), seems to be present in the 13 CO spectrum outside of the velocity range that would be inhabited by 13 CO in M51a, and has a line flux of 1.27±0.52 (only detected with 2.4σ significance), but requires deeper observations to confirm whether it is real.
Figures 1 and 7 display the integrated intensity (moment0), and mean velocity (moment1) maps, and Figure 8 shows the integrated spectra of the 12 CO, 13 CO, CN(1-0), and CS(2-1) within NGC 5195, Figure 9 shows the position-velocity diagrams across the specified slices of the 12 CO, 13 CO, and CN detections (the CS(2-1) being too low in S/N and compact to display). Of note, while the 12 CO and 13 CO share the same kinematic axis (of 30
• ), the CN (with an angle of 0 • ) has a different kinematic major axis from the other gas tracers and is thus considered kinematically misaligned according to Davis et al. (2011) .
The integrated spectrum for each line was constructed using the moment0 map to create a clip-mask and integrating the flux within the moment0-defined (unmasked) aperture in each channel of the data cube. This was done separately for each tracer. The root mean square (RMS) noise was then calculated as the standard deviation of all pixels in the cube outside of the moment0-aperture per channel and is listed in Table 2 . An additional 30% correction was also added in quadrature to the RMS noise to account for the oversampling of the maps (see: Alatalo et al. 2015b for details). The RMS noise per channel for the spectrum was then calculated by multiplying the RMS of the entire data cube by the square root of the total number of beams in the moment0-aperture.
The line luminosity for each molecule was calculated using Solomon & Vanden Bout (2005) :
where S line ∆v is the line flux in [Jy km s −1 ], ν rest is the rest frequency of the line in [GHz] , z is the redshift of NGC 5195 (calculated using a systemic velocity of 634 km s −1 , the CO(1-0) spectrum), and D L is the luminosity distance, defined as 9.9 Mpc in §1. The resultant line fluxes are listed in solar luminosities in Table 2 . NGC 5194 (displayed as gray contours in the first 9 channels in Figure 3 ). If we also account for the 20% absolute flux uncertainties associated with the 3mm flux calibration (for both the NMA and the CARMA observations), we consider ourselves to be in reasonable agreement with Kohno et al. (2002) . Sage (1990) presented 12 CO(2-1) and 13 CO(1-0) observations of NGC 5195 from the NRAO 12m, measuring a 13 CO line flux of 12.5±3.3 Jy km s −1 (using the Jy/K = 30.4 of the NRAO 12m; Ueda et al. 2014) . We have detected nearly twice the total 13 CO flux of Sage (1990) , though that is likely due to signal-to-noise (our detection has six times higher signalto-noise than Sage 1990). It is also possible that pointing errors and calibration uncertainties might also play a part. Matsushita et al. (2010) used the NRO 45m to measure the 13 CO(1-0) of NGC 5195 to be 28.8 Jy km s −1 , in much better agreement (within 22%) with our 13 CO measurement. Overall, our observations are within reasonable agreement with those done previously.
Molecular mass and H 2 surface density in NGC 5195
We calculate the molecular mass expected in NGC 5195 using the 12 CO(1-0) luminosity. Assuming that NGC 5195 is similar to the Milky Way, where we assume that molecular gas is distributed within giant molecular clouds (GMCs), the conversion between the CO luminosity and the H 2 mass (from Bolatto et al. 2013 ) is:
which corresponds to a X CO conversion factor of 2×10 20 cm −2 (K km s −1 ) −1 , considered the standard, holding both for the Milky Way and most normal nearby galaxies. Using this conversion, and L CO 7 from Table 2 , we find a total H 2 mass of (2.74±0.06)×10
8 M ⊙ 8 . To calculate the H 2 surface density, Σ H2 , we use the area subtended by the 12 CO(1-0) clipped moment map (listed in Table 2 ), converted from ✷ ′′ to the physical scale for the galaxy to be 3.15 kpc 2 , which corresponds to a mean H 2 surface density, Σ H2 = 87±2 M ⊙ pc −2 . To calculate the peak Σ H2 , we convert the peak line intensity to the H 2 surface density, assuming the conversion from Bolatto et al. (2013) :
where I peak represents the peak intensity of the 12 CO map, resulting in Σ H2,peak = 810±50 M ⊙ pc −2 , made over an area of 0.05 kpc 2 (one beam), an order of magnitude larger than Σ H2 , and consistent with the range seen in nearby disc galaxies (Bigiel et al. 2008; Leroy et al. 2008 ).
THE STATE OF THE MOLECULAR GAS IN NGC 5195
3.1. The revised 13 CO/ 12 CO ratio Sage (1990) measured the 12 CO and 13 CO in NGC 5195 (discussed in §2.4), finding a 12 CO/ 13 CO flux ratio (hereafter, R 12/13 ) to be ≈26. This high ratio is often seen in hot dust hosts and ULIRGs (Aalto et al. 1995) , suggestive of a hot, disrupted molecular disk in which the 12 CO emission includes a large optically thin contribution. The CARMA-derived 12 CO and 13 CO fluxes shown in Table 2 update R 12/13 in NGC 5195 to be 11.4±0.5, which is more consistent with normal star-forming galaxies as well as field early-type galaxies (Alatalo et al. 2015b ) than interacting galaxies. The revised R 12/13 in NGC 5195 seems to suggest that the dynamical state of the gas is not as disrupted as originally thought, having had time to settle since the last interaction.
What is CN tracing?
7 The CO line luminosity 8 Does not include the 30% mass conversion uncertainty (Bolatto et al. 2013) The CN abundance can be enhanced either by UV fields (for example as a photo-dissociation product of HCN in the envelopes of molecular clouds) or by X-rays, that can penetrate further in the inner, denser regions. Hence, CN is a molecular tracer of photo-dissociated regions (PDRs) and Xray dissociated regions (XDRs) depending on the environment (e.g. Lepp & Dalgarno 1996; Rodriguez-Franco et al. 1998) . The strong PAH, IR, and Hα emission in NGC 5195 (Boulade et al. 1996; Greenawalt et al. 1998 and Fig. 1 ) suggest that the CN is associated with the old starburst caused by the encounter with M51a and may be associated with PDRs.
To explore the possibility that CN could be tracing XDRs, we compared our CN intensity maps with the X-ray emission from Schlegel et al. (2016) , where Chandra images show two recent outbursts coming out from the supermassive black hole in NGC 5195. A comparison of the CN and X-ray images shows no obvious spatial correlation between them.
In a barred galaxy potential, dynamical models predict 2 kinds of orbits: 1) x1 orbits oriented parallel to the major axis of the bar that support bar and 2) x2 orbits aligned perpendicular to the bar and located closer to a galaxys nucleus. Gas in self-intersecting x1 orbits tends to shock and lose energy, eventually changing orientation and moving inward to the lower-energy x2 orbits. For a review, we refer readers to Alloin (2006) . The moment maps in Fig. 7 show that CN arises from the inner regions of the galaxy with isovelocity contours at a different angle than those of 12 CO and 13 CO. The latter seem to trace a more extended gas distribution, possibly associated with the x1 orbits of the large-scale bar (Kohno et al. 2002) , while CN could be tracing the perpendicular x2 orbits of the inner region. It is possible that this difference in alignment is due to resolution effects, but given Figure 10. The nuclear spectrum of NGC 5195 (black) overlaid with the best fit combination of stellar models (red) from MILES (Vazdekis et al. 2010 ) and PPXF (Cappellari & Emsellem 2004) . Optical lines of note are labeled. The stellar models that best fit these data were a combination of intermediate age (∼ 1 Gyr) and older (∼ 10 Gyr) stellar populations (shown in Fig. 11 ). Figure 11 . The probability distribution function of the stellar populations in NGC 5195 fit to the central spectrum from SDSS DR12 (Alam et al. 2015) . We used PPXF (Cappellari & Emsellem 2004) to fit a smoothed star formation history using the MILES library (Vazdekis et al. 2010 ) with a Salpeter IMF. NGC 5195 is primarily composed of older ( 10 Gyr) stars, but has a significant fraction (≈ 20%) of intermediate age stars (≈ 1 Gyr).
the high signal-to-noise CN channels seen in Fig. 5 , we believe the detection of differing alignments is robust.
This would be a similar scenario to that observed in the central 100 pc of M 82, where the CN abundance (among other PDR tracers) is enhanced by a factor of 3 in the x2 orbits (Ginard et al. 2015) . This result is consistent with NGC 5195 being a post-burst system, with forbidden neon lines present in the IR spectrum (Boulade et al. 1996) and the optical lines (Hα absorption and strong [N II] emission; Greenawalt et al. 1998) in the nucleus but little ionized gas in the outskirts. Deep IFU imaging of the optical lines (Hα and [N II]) will be able to confirm this scenario.
Molecular line ratios
We assume that the HCN emission is emerging from the same region as the CN emission and then estimated the line ratio by converting the CARMA flux to the appropriate brightness temperature for the NRO 45m. We followed the same procedure for CS(2-1). We find line ratios of HCN(1-0)/CS(2-1)=1.2, CN(1-0)/HCN(1-0)=2.1 and CN(1-0)/CS(2-1)=3.3. Comparing different transitions of different species is not ideal because one is tracing a mixture of excitation and chemistry. In spite of this, it seems safe to say that CN is more abundant than HCN and CS in the central kpc of NGC 5195.
Using RADEX (van der Tak et al. 2007) 9 , and assuming a gas kinetic temperature of 65 K (from the dust temperature derived by Smith 1982) , a HCN/CS ratio of about unity can be obtained with volume densities of about 10 4 cm −3 and assuming similar HCN and CS abundances. This may point to a very low fraction of dense gas (i.e. gas with number density n 10 5 cm −3 ) that is in agreement with the emission of CN and CS, as well as with the high ratio CO(1-0)/HCN(1-0) of 85.3.
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Assuming that CN is tracing PDRs in NGC 5195, the UV fields created by the low star formation in the galaxy (see §4) could dissociate and fragment the molecular clouds, creating larger envelopes in which most of the CN would form. The CN(1-0) line is brighter than that of HCN. The radiative transfer of CN is not straight-forward, but if we assume collisional excitation the line ratio indicates higher CN abundances that that of HCN. Since CN can be a photodissociation product of HCN this may be the result of UV irradiation of fragmented dense clumps. However, one would then expect also to see a strong HCO + line. There are some star forming regions with X(CN) > X(HCN) > X(HCO + ) in (for example) the Orion ridge (Blake et al. 1986 ) but instead this ratio may emerge from the region around an AGN. Lepp & Dalgarno (1996) suggested that X(CN) > X(HCN) in X-ray irradiated regions. It is possible that (at least a significant fraction of) the high density tracer emission is emerging from the nucleus instead of being scattered in a post-starburst region.
Apart from the species mentioned before, we marginally detect CH 3 CN(6 k −5 k ) (located between 200 and 350 km s −1 at the red side of 13 CO in Fig. 8 ). Its integrated flux, of 1.3 Jy km s −1 is, however, below a 3σ detection. This molecule is also a tracer of dense gas (n crit [CH 3 CN(6 k − 5 k )] ∼ 10 5 cm −3 ), similar to those of CN(1-0) and CS(2-1). However, CH 3 CN is easily dissociated by UV fields (Aladro et al. 2013) , and thus it typically resides in the cores of the molecular clouds. Based on that, the ratio between CN and CH 3 CN would be an rough indicator of the amount of dense gas re-siding in the envelopes versus the inner parts. We obtain a tentative ratio of CN/CH 3 CN=9.0. Interestingly the circumnuclear regions of the Seyfert galaxies NGC 1097 and NGC 1068 (Martín et al. 2015; Aladro et al. 2013) show luminous CH 3 CN emission. High resolution observations will reveal if also NGC 5195 has a circumnuclear region of dense gas irradiated by an AGN. Such a structure may have a complex chemistry with suppressed HCO + while CN abundances can be high and also those of CH 3 CN in warm, shielded regions. FORMATION IN NGC 5195 
PAST AND PRESENT STAR

The stellar populations of NGC 5195
In order to classify the stellar population of NGC 5195, we used the Penalized Pixel Fitting software (PPXF; Cappellari & Emsellem 2004) 11 applied to the nuclear spectrum 12 of NGC 5195 from the SDSS DR12 (Alam et al. 2015) . The 3 ′′ spectral fiber is ideal for this study, as spectra of NGC 5195 that are more extended than the nuclear region tend to be contaminated by the spiral arm of M51a (see: Figure 13 .64 of Moustakas et al. 2010) . Integral field spectroscopy would be able to differentiate between NGC 5195 and M51a, to gain a clearer picture of the integrated stellar population properties of NGC 5195, but is beyond the scope of this paper.
We used the stellar templates from the MILES library (Vazdekis et al. 2010 ), normalized to a uniform (Salpeter 1955) initial mass function (IMF), using models representing 50 stellar ages from 0.06-17 Gyr, and 4 metallicities (-0.71 < Z <0.22), for a total of 200 models. We included regularization within PPXF (regul = 0.004) to allow us to understand the range of possible stellar populations that would match the nuclear spectrum. Figure 11 shows the probability distribution function of the PPXF model fitting, summed over the metallicity axis. The nucleus of NGC 5195 clearly shows two stellar populations: 80% of nuclear stars are old ( 10 Gyr) and 20% are of intermediate age (≈ 1 Gyr), consistent with A-stars.
As Figure 11 shows, there is some uncertainty to the age of the intermediate-aged stellar population, mostly based on degeneracies of metallicity, but also likely because the SDSS fiber only subtends a small portion (144 pc) of the nucleus. This does put a significant constraint on the interaction that took place between NGC 5195 and M51a, suggesting when enhanced star formation was present in NGC 5195. Given that star formation is known to increase even at large radii during gravitational encounters (Scudder et al. 2012; Moreno et al. 2015) , it is likely that this stellar population represents the enhanced star formation that was taking place throughout the encounter (which was suggested to take place ≈ 1/2 Gyr ago; Salo & Laurikainen 2000; Dobbs et al. 2010) . The spectral stellar population fit also agrees within errors with the photometrically-derived stellar populations (Mentuch Cooper et al. 2012) , and might provide another constraint to model the complex history of interaction that has occurred in the M51 system.
Integrated star formation
The star formation rate of NGC 5195 was calculated by Lanz et al. (2013) using MAGPHYS (da Cunha et al. 2008) 11 http://www-astro.physics.ox.ac.uk/∼mxc/software/#ppxf 12 http://data.sdss3.org/spectrumDetail?mjd=53063&fiber=527&plateid=1463 to model the far-UV to far-IR SED, measuring it to be 0.142 M ⊙ yr −1 . To estimate the contribution of the M51a to the Lanz et al. (2013) SFR, we defined a region based on the 8µm PAH emission from the foreground arm and measured the 70µm and 8µm photometry excluding the region. We find that 8% of the PACS 70µm flux and 18% of the IRAC 8µm flux are contained in the excluded region. While this region may also contain some emission from NGC 5195, the strong correlation of the luminosities in these bands to SFR enable us to estimate that 10-20% of the Lanz et al. (2013) SFR may be due to M51a, revising the integrated SFR down to 0.116 M ⊙ yr −1 . Using the revised SFR, and dividing by the moment0 area from Table 2 , we derive a star formation rate surface density Σ SFR ≈ 0.105 M ⊙ yr −1 kpc −2 (renormalized to our chosen distance to NGC 5195 and use of a Salpeter initial mass function; Salpeter 1955) .
To determine if the molecular gas is inefficient globally, we investigate where NGC 5195 fits on the Schmidt-Kennicutt (S-K) star formation surface density -gas surface density relation (Schmidt 1959; Kennicutt 1998; Kennicutt & Evans 2012) :
If we use the average molecular surface density calculated from our 12 CO observations, Σ H2 = 87 ± 2 M ⊙ pc −2 , we predict an average Σ SFR,predicted ≈ 0.13 M ⊙ yr −1 kpc −2 , in good agreement with the measured Σ SFR . We therefore conclude that the global molecular gas in NGC 5195 is efficiently forming stars. Two caveats to this analysis are (1) that the Lanz et al. (2013) star formation could have been contaminated by the spiral arm in M51a (seen in PAH emission in Figure 1 ) and (2) that the intermediate-aged stellar population could be providing a non-zero contribution to the far-IR luminosity. We further investigate the star formation rate to determine if either of these caveats play a significant role.
Radio-determined star formation
We also evaluated the SFR indicated by the centimeter-and millimeter-wave radio continuum emission using the following calibration to the radio-SFR relation from Murphy et al. (2011 Murphy et al. ( , 2013 :
with excitation temperature T ex = 10 4 K and the non-thermal spectral index α NT = -0.8. From the sensitive interferometric imaging provided by the SINGS project (Kennicutt et al. 2003; Braun et al. 2007) , NGC 5195 has an integrated 1.4 GHz flux density of ∼ 17 mJy within the 12 COdetected region. This corresponds to a 1.4 GHz SFR of ∼ 0.14 M ⊙ yr −1 , slightly higher than the revised Lanz et al. (2013) integrated SFR. We therefore conclude that the centimeter-wave radio emission associated with NGC 5195 is predominantly produced by SF, rather than radio-loud AGN activity. This suggests that, if the nucleus of NGC 5195 is indeed currently active (as the molecular lines seem to suggest), it may be operating in the so-called radio-quiet or "high-excitation" mode characteristic of efficiently accreting massive black holes (Heckman & Best 2014) , and consistent with the weak X-rays reported by Schlegel et al. (2016) . Alternatively, AGN signatures at optical and X-ray wavelengths previously reported by Moustakas et al. (2010) and Terashima & Wilson (2004) respectively may in fact be related to stellar processes or shocks occurring in the vicinity of the NGC 5195 nucleus (Lisenfeld & Völk 2010) . If such a scenario in which the massive black hole in the center of NGC 5195 is in a quiescent state is indeed true, it's not clear what mechanism is responsible for halting AGN fueling given the abundant availability of cold gas. Additional detailed studies of the gas kinematics in the ambient environment of the NGC 5195 nucleus will be needed to disentangle these possibilities in the future.
At the level of the integrated flux density of ∼ 1 mJy of the compact 106 GHz emission, the SFR predicted by Equation 5 is ∼ 0.07 M ⊙ yr −1 . This is a lower limit, as it is likely that CARMA resolved out the diffuse, lower level emission (seen in the 1.4 GHz map in Braun et al. 2007 ). Even with this caveat, the predicted SFR based on the millimeter continuum emission is similarly consistent with a pure SF origin.
Resolved star formation
In order to correctly differentiate star formation taking place in the molecular gas in NGC 5195, we use the reduced 70µm image (see: §2.1) from Herschel PACS (Poglitsch et al. 2010) . The map was then converted to a Σ SFR map using equation 21 from Calzetti et al. (2010) . We were able to directly compare this map to the Σ H2 map, which we derived from the 12 CO(1-0) using Equation 3, after converting the unclipped integrated intensity map using the Kelvin per Jansky factor for the CARMA map (listed in Table 2 ). We then regridded the 70µm map to match the 12 CO map using the IDL task hastrom 13 . We used the clipped moment maps (Figure 7) to define the comparison region (which contains "real" emission far above the noise of the map, with a total area of 3.3 kpc 2 ). We first calculated the total SFR by summing the Σ SFR corresponding to 12 CO emission, SFR tot = 0.072 M ⊙ yr −1 , that is a factor of 1.6 smaller than the revised SFR in §4.2, and consistent with the 106 GHz free-free estimate for the SFR. This is possibly due to the smaller area subtended by the detected 12 CO emission. We then calculated the resolved depletion time for NGC 5195 by dividing the matched Σ H2 by Σ SFR , shown in Figure 12 . The average depletion timescale (taken only from unmasked pixels with positive values) is 3.08 Gyr (with a range between 1 and 6 Gyr).
When we include Helium, this depletion time increases to 4.31 Gyr. This depletion timescale is a factor of ≈2 larger than what is found in normal star-forming galaxies (Bigiel et al. 2011; Saintonge et al. 2011; Leroy et al. 2013 ). On the other hand, this depletion time is more consistent with the molecular gas depletion time found for ATLAS 3D early-type galaxies (Davis et al. 2014) . Given that NGC 5195 is an earlytype galaxy, the depletion timescale consistent with early-type galaxies is fitting.
Overall, despite having taken part in the interactions with M51a a few hundred Myr ago, the gas in NGC 5195 appears 13 http://idlastro.gsfc.nasa.gov/ftp/pro/astrom/hastrom.pro Figure 12. The depletion time map for gas in NGC 5195. The depletion time was calculated by dividing the matched Σ H 2 by Σ SFR . The CARMA beam is shown in the bottom right (gray). The mean depletion time for the gas in NGC 5195 is τ dep = 3.08 Gyr. The position of the radio peak is shown as a white cross, which is not spatially coincident with the highest τ dep , but is in its vicinity.
to have resettled and returned to forming stars at normal efficiency (for an early-type galaxy). This provides an update to the observations of Kohno et al. (2002) , who suggested that the molecular disk was gravitationally stable against collapse, suppressing star formation in this system. Our data suggest that NGC 5195 has returned to forming stars normally for its type (and its molecular gas content), which might include shear forces capable of reducing the star formation efficiency by ∼2 (Martig et al. 2013; Davis et al. 2014) , consistent with other early-type galaxies.
The level of star formation we currently observe in NGC 5195 is consistent with a star formation history that includes an enhancement in star formation corresponding to a near approach and subsequent interaction with M51a (possibly including a super-efficient burst of star formation) that has declined for the past 1 Gyr, followed by a resettling of the molecular disk and re-establishment of efficient, normal mode star formation consistent with its early-type classification.
CONCLUSIONS
We used CARMA to map four molecular gas tracers in NGC 5195, detecting 12 CO(1-0), 13 CO(1-0), CN(1-0) and CS(2-1), and measured the 106 GHz continuum emission in this galaxy, in addition to detections of HCN(1-0) and HCO + (1-0) with the OSO 20m. We also fitted the SDSS DR12 nuclear spectrum of NGC 5195 with stellar population models using a smoothed star formation history.
1. We find that our detections of 12 CO(1-0), 13 CO(1-0) and HCN(1-0) are consistent with previous observations and we provide the first measurements of CN(1-0), CS(2-1), HCO + (1-0) and 106 GHz continuum for NGC 5195.
2. R 12/13 has been updated for NGC 5195 to be 11.4±0.5, which is much more consistent with a settled molecular distribution in a typical star-forming galaxy than a ULIRG, which tend to have large R 12/13 (due to their disrupted molecular gas distributions).
3. The CN(1-0) emission found in the center of the galaxy appears to have kinematics that are different from the other molecular gas tracers studied. We suggest that the CN is tracing a diffuse component of the molecular gas that is found along the x2 orbits perpendicular to the stellar bar.
4. The molecular line ratios suggest that the dense gas (n 10 5 cm −3 ) fraction is low.
5. The stellar population fit to the nuclear spectrum of NGC 5195 contains an 80% mass fraction of old ( 10 Gyr) stars and a 20% mass fraction of intermediate age (≈ 1 Gyr) stars, consistent (within uncertainties) with an enhancement in star formation taking place starting during first approach and through the recent interaction with M51a.
6. The centimeter and millimeter continuum observations provide evidence that NGC 5195 does not contain a buried AGN (or the AGN must be weak both in X-rays and very radio quiet). The star formation rates determined using the radio emission also supports the claim that the molecular gas in NGC 5195 is forming stars at normal efficiency.
7. The resolved star formation relation taken from the Herschel 70µm maps of NGC 5195 is consistent with the molecular gas forming stars at the efficiency observed for early-type galaxies.
Although NGC 5195 has undergone a substantial interaction with M51a in the recent past (∼ 1/2 Gyr), it appears in the intervening time that its molecular gas has re-settled into a disk and re-established efficient star formation for its morphological type.
